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Fig.10-1  Activity with computational science and technology by CCSE

Using both established techniques and knowledge and pursuing new technological developments in computational science, 
CCSE is contributing to the reconstruction and revitalization for Fukushima.
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Computational simulation is indispensable for analyzing the 
complex problems created by the accident at the Fukushima 
Daiichi Nuclear Power Station of Tokyo Electric Power 
Company, Incorporated, such as environmental dynamics 
of radioactive materials, volume reduction of polluted soil, 
and severe accident analysis. For example, to understand the 
kinds and forms of radioactive materials released by severe 
accidents, simulating the total system, ranging from atom-
scale behavior involving impurities in nuclear fuel to wide-
area environmental dynamics, is necessary. Since such 
simulations require large amounts of memory and computing 
time due to their complexity, employing supercomputers is 
necessary. The simulation technology for analyzing complex 
phenomena is the common foundation of nuclear research and 
development as well as severe accident analysis.

At the Center for Computational Science & e-Systems 
(CCSE), we were developing the technology needed for 
highly accurate analysis of the physio-chemical phenomena 
that underlie the abovementioned complex phenomena 
and applying it to nuclear fuel and structure analysis. At 
present, we have expanded the established technology base 
by incorporating experimental results and observations and 
are tackling new problems related to the analysis of complex 
phenomena (Fig.10-1).

To understand why radioactive cesium (Cs) is adsorbed 
so strongly by clay minerals in soil, we solved a part of the 
adsorption mechanism by comparing the results of an atomistic 
simulation with those of observations and experiments 
(Chapter 1, Topic 1-7). This achievement through the use of 
computational science contributes to Fukushima reconstruction 
and revitalization. Other top research achievements include the 
following contents.
(1) Demonstration that hydrogen in low-temperature iron 

impedes the movement of defects (dislocations) related to 
the deformation of reactor materials (Topic 10-1).

(2) Systematic examination of the tolerance of a superconductor 
to its impurities using a supercomputer (Topic 10-2).

(3) Development of technology to improve numerical analysis 
by enabling interactive visualization between remote 
supercomputers and a local personal computer (Topic 10-3).

(4) Progress in technology to analyze the behavior of the 
total structure of a nuclear facility against earthquakes on 
the basis of the modeling of the many parts forming the 
facility and the joints between them (Topic 10-4).

CCSE continues to promote research and development of 
computational science and to domestically and internationally 
disseminate its results.

Computational Science and E-Systems Research
Computational Science and Technology as a Common Foundation 

for Nuclear Research and Development

Highly Accurate Analysis of Basic Phenomena
(Established Technology)

Analysis of Realistic Complex Phenomena 
(New Possibilities with Computational Science)

Physical property analysis: Physical properties of nuclear
fuel and reactor materials were analyzed to obtain data
that are difficult to measure in experiments. 

Severe accident analysis: Physical properties of nuclear fuel and
reactor materials at high temperature and pressure were analyzed by
considering impurities and their interactions with the environment.
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First principles calculation of physical properties of PuO2 at
high temperature

● Accurate quantitative evaluation of the specific heat,
　 coefficient of thermal expansion, and mechanical properties 

Reaction between fuel clad (Zr) and vapor: 
Tracking the interfacial deformation and vapor
generation

Fluid dynamics analysis based
on characteristics of various
molten materials 
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analysis and
safety analysis
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Analysis of adsorption mechanism of radioactive

materials: Data that are hard to measure were obtained
by analyzing the chemical reaction with a clay mineral.

Environmental dynamics of radioactive materials: Considered Cs
absorption by vegetation, soil erosion and sediment transport within
rivers and the ocean, and Cs chemistry in realistic environments.

● Predicted ion-exchange
　 energy is consistent with
　 experimental values.

● A covalent chemical bond
　 is formed as Cs is
　 adsorped.
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Clay mineral

Tracking radionuclides considering shape of
harbor and chemical form in sea.

Reaction of Cs and water:
considering chemical form

Cs hydration structure
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Dynamics analysis in the harbor
● The adsorption characteristics of Cs to micaceous clay minerals and
　 the abnormal adsorption mechanism to biotite were elucidated.

First principles analysis of the adsorption of Cs to soil   

Highly accurate analysis
of the behavior of fuel and
materials in an accident

Highly accurate long-term
predictions for dynamics
of environmental Cs
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